INTELLECTUAL 




1 appllcation(s) f or: JF2QP3 31 $4£H (A) 



1. METHOD OF MANUFACTURING DEVICE, THE DEVICE, DISPLAY DEVICE AND ELECTRONIC APPARATUS 


Inventor: 


Applicant: 


EC: 


IPC: 


Publication 


Priority 


A0K1 


SEIKO EPSON 




G02F1/1368 


info: 


Date: 


TAKASHI 

FURUSAWA 

MASAH1RO 


CORP 




H01L21/2B3 

H01L21/3205 

(+12) 


JP2003318401 (A) 
20Q3-1 1-07 


i 

20Q2-04-22 



Last updated: 1 Z.I 0.2011 Worldwide Database 5.7.23.2; 92p 



09) B^nww (j p) 



o» 2t US 4# £t (A) 



(43) 



4#|H§2003 -318401 
(P2003 -318401 A) 

B ¥J«154F1 1 £ 7 B (2003. 1 L 7) 



(51) lntCL T 
H 0 1 L 29/786 
G0 2F 1/1368 
H01L 21/283 
21 /3205 
21/336 



F I 

G 0 2 F 1/1368 
HO 1L 21/283 
29/78 
29/58 
29/78 



OL 



Z 

6 1 7 J 
G 

6 2 7 A 

fc£ 11 H) 



2H0 9 2 

4M 1 0 4 

5F0 3 3 

5 F 1 1 0 



I; 



<21)tHH#^ 


!$K2002-119963(P2002~-119963) 


<71)ffl«A 


000002369 
















spf£l4<¥ 4 £ 22 B <2002. 4. 22) 




3aHGgHBKHIi« 2TB4S1* 








(72)$gl£# 


ft 










gSF iRHiS* A¥P 3 T B 3 # 5 ^ 


■fe-f n 


















as 












■fe-f 3 
















<74)««A 


100079108 










#a± (ft2«) 















(54) BMBQgfK] f/HXOKifi^tt^ *7S8f. *«fct«^ 



ST1 



(57) 

1) SMRrtSIS. ftfflS (10 1) KiWl^-v (1 
l) fcfflSriti-SIDBs *sj;tWl'<4'-v (ID 

t^fj® (- ai^#m^> * — >• (id & h as t -r 3 





[ft** l I *tS^9f^««t-»SP*K*tSXSi: . 

BfrlE f»gpl- ffi S i" 5 t - M P ffi £ ^Pt" 3 * £ S: fifftfi 
Sffi-bfcRttaxgi:, 

[it** 4] fflE^^Srttttsxgic* ^^-hyy 



5fi 

[it**5] mm-?* * SrKttaxs*^. ffiWflttbjfe 

[ft** 6 ] Rufci*m^ 9 - ^SrJgjSi" SXg^i 
^3X®£-«;i£, lf**i |-l£«t^^^^^Mit^ 



Iff** 7 ] HiJia*Sli^^ffi*S:Huiai»SB«t 0 fclRffi 

tfjf^ ^ 5"- v ^-r 5 igtffl v ^fcHtrta w»*r« 

L fc ^HS «r i - fu ia#s ^ - ^ «: ifBfi!E-t- £ > It 
[St** 9] fuK^m^^-^^mllc, StrlEU^ 

[«** i o i mmnm.y ^-yeat^xst 

[f1t**l l] BWEaicW^^^-^SrJiSfiRi-Sxm-X? 
[ft** 1 2 ] BfflB9f*^fflS«. l 5 0 °C7^ 5 0 

o °c ofsis jtiSs it**! 1 (ce^w^tvw * 

Iff**l 3] Mt^ffi^^"">5r^"t-^xm^ 
'left 5 J: 5 ^aBfcW^^-^^^-rs. Iff** 



eMt^xgt, 

ima^y ^i^BUitc&jKJBSr^+sxat, ^{ix. 

[ft** l 6 ] Bt*iRl 7i£ l 5 (DV>-fn£v~ jgMlE 

[It** 1 7 1 ft** 1 6 \£KM<D J 7s < '< * £{§^T 

[f#**i 8] !f**i 5 \z.mm.<nT v s<4 xfrm?LX 

[ 0 0 0 1 ] 



[0 0 0 2] 

[«*©S«] »BtH5>-^^ (TFT: Thin Film 
Transistor) ^— OlC, ^h^^-bS, ^fcl^ 
$ jf—lgiCOs^y # 'f-ir ^frXLy^-W (Inverted Stagger 
ed Back Channel Etched type) (O h?^^^^* 
HliStcioT^-lr^^ h y-fW (E| 4 (a) ) *3 

iOf^^^/U^yf-S (0 4 (b) ) *S^ttC>*XS«, 

[0 0 0 3] i« J; 5 4¥i*8t©»itt:ffiW5« 
fl-^Srft^JMfli** (CVD) tfe^^y*teT»»* 

y ^ ^ — ^ <n ^ ft % m m s fc » ^ ^ ^ ^ >- ^ 

yy^77^m **L-t*ixcoxs-eKSK«*co 

[0 0 0 4] — *H#f^ 5 1 3 2 2 4 8 ^[CS3, 



lisaa*'* ^ - K*ffi u , ^ <a« osmose 

ir RBlt £rffi L X EiR' - > 3E *i™ * # ** * H 
GO 4r stC *3 ^ WB;tttt3|*coftffl * h '> & < X iff tf i V ^ > 
[0 0 0 5 ] 

^ > p-fe^^^ijffii-'5^^ h y y ^ 7 lx® 

itt v t ffi SE X*S A° ^ — > Sr ^'i^ ^1 |g ft 
# y h S ^ ^ * 00 * ^* * 

[0 0 0 7] 

* i^ftas *ria ^ 5 is t , mu i^mm^f-^ ft jf&s-r 

[0008] r^^Sj ic?3:tf^*Kls. ^r?E^ 

[ 0 0 0 9] zcix^xJl iJMBSrKttSxan 8MB 
[ooio] ::tflifl ^^i^^i^^i- 

loon] ?s*5 x ^smc&v^x, fwiM&ajSu fc 

0!i x. « ^ m * m&rn^n 



[0 0 12] ^fc*^P^Xii, **-'^ B ^ — ^SrJ»fi£1-S 

f 5XftSr«*.Tl 1 'Xfc«tV\ 
[0013] iifl\ r Ofl*»^fl>flH«Srl»»± 9 

[0 0 14] iiv^-y^Mt^iSf 

[ooi 5] Mill mm^f-^M&ift^ is&x b 
[0 0 16] #t/^">^«t^igt 

[ooi7] «x.tf, M/^-y^^tsiit 

v\ riTTJf^K^, 1 5 0°C7^5 0 0tt/)|EI 

[oois] *l/^-y^Mt^xg-e 

[0 0 19] f/M^Sf^tSXgtt, 

^ k— h^ASHfcv-y ^^Bi^^i-^xm 

~>y ^^X|c^KS^?i?^i"^X@t, ^r{i^X 
V^X^o <tV\ rix^#xmx^j*^tL^^-^^ / >^< t 

[0 0 2 0] *fSro7/W^roS^ST' 

[0 0 2 1 ] t«SBH ^co^^^STttATV^*^ 
S«T?tfcO, ^CO^-f ^ft«l itV^l^I^-Ct 

[0022] ::t- r^^gj tciBR£tt«i^s, 08 A. 
[0023] ::t r«^ijisj ^pg^fi^v^^ ^Jx. 



Pgf, PDA, tt^M*#«r^5, 
[ 0 0 2 4 J 

i >^mm i tt, *tti±^*sr»Jtfc*, 

^ ft IlT'li'l 2*«'l4*m % £ 35* b T ^ b A y - 

[0 0 2 5 ] IMlg (ST 1 -ST 3) 
* M«2 0Sr?gj«-r5 (ST1). l/^htMsffeitf 

gUfc*ff5 (st 2) □ :;tVife^7^y^jS 

frJFM-rs (st 3) 0 ssiSi-^jxrl^^^^^ 
^>-^^^>^[cJ: off 5, roitoSWpi 0 ltam 

&©*S^^#ltt, PUm-lOO^m, HIS 
*S 1 ii 1 0 ii m<D^ti£"T?fllS:RttS w 

+ft*>V #IWW1^flttff&^^ 

[ 0 0 2 6 ] ft*3, tt*±tt=«**l/5*^^ft, ±SEL 

zg mtt ✓ — v <£> fi!c«S* EJL*K ^ «SE ( - ^ Wfi 3t ttt*** 

[ 0 0 2 7 ] It/^-ylfaS (ST4-ST5) 

mmmm i 1 1 sr«fl=*«-R« (fo^tf-r 



[oo2 8] r.r.T\ p±as-er-6«*tttt^jK», ft* 

[0029] mm**: ^rvj&ma^m^t^ a, ssl 

£ 0 AJRi^HSffi^^teStt 5 n m£JL± 0 . 1 u. mJ^TT" 

h z. t tm jftubtuife-cetta s 5 #^(-is a t? & a 0 

[0 0 3 0] fflilt LTIi, ISE^O. 0 0 1m 

XS<B Jft*3 i t>^ A!La« ^ J: o r a b *x 

«tt#WS:etaSli:5»-&'*ctt, 3R«BE* S 0. 0 0 l m 

mHg«l5 OmmHg^T^fcS* £J$ s Sf* bV\, r 

9 S^Wftetta^firxi-f . r Steffi i: ^fiv^(-:a s 
ettti Lfc««#^ft*^« < ft 5 WmiK^^ftJSEAsaB 
L^i"<ftti. axS^fRfectWiteto^tcioT&K 
©**R*5#feix^< <ft5^b"efcS 0 C^i^ft^ 

f t-51^©SRSIli l If %»± 8 oit%OTT 

[0 0 3 1 ] Sblc«*ft^t*«l-»1RS*5fc»K» 

1 m P a - s £Lh 5 0 m P a * s 

y X/i/fi ^Mf«(?)$ttS t: J: o tffi^ ^ ti, 

K < ft o T R Jf ftJKW^iitlH *s ffl JK i ft 5 -efc 5 a 
- © i ^ ^ t ril Lfc^lttWS^S^I^ 2 o 

d y n/cm£l_h7 0 d y n/cm^fflilA^i:^ 



^ti *^ff2#tas£^b*^\fc£>* ettbft^ftbttl^-Y S > 
[ 0 0 3 2] ftjb\ S»«tt*r»«4r»*-3E*i-4Ba. W 

xm^m^mm^m^nz tmm 1 o 1 

i/Mott ft 0 ± S ft 9 £fi£f£-T 5 w <h ^ T + # 5 
[ 0 0 3 3 ] ^mtt^tttl 111 4r^M Lfc«, 9f^W 

^Ht«L-rM/^->u«Mt^ (st 

5) 0 ZfiOEFrSe^aflEtt. PJiiil5 0tM5 0 0t 
SHflSl 0 1 [iM^^Xi/^iiMWl 1 l 

ra - * fc tt -r 6 tt &vtmi-xn Timrft-f 
^mit)it c *n*w^x 1 i^*s 

biv. 

[ 0 0 3 4] T^^ffMJ^ (ST 6) 

rSiti-^. W*W^> ififii o_Lic*&»Ki 2 

[0 0 3 5 ] H4l^r±5^, «£*»tt"e»iSS^S 
[ 0 0 3 6 ] ft*3, _bEK^^*no^feSriBfflbrt 

^5X^ft^»*B*af«fe (PECVD 



[0037] mmmi 2i«M^u 

111 2y^^C^J&£ftTV>£fc^ I^t^^t>=i 

- h^ttttttaatfU/H tr^f^y = >0i 1 3 & 

itfy7Xvfb^ftltiS (PECVD?£) ^{fiJI-ft 

(LPCVDffl ) -^fttBiftW&SrWfl! b 

[ 0 0 3 8 ] Jfcl v?, y = >« 1 3 _b|C^M^3 

tTi^f^y ^yli 3**¥»^JSS;ftT^£ 

Da) ^i&!±{t^mmm& (lpcvd*) ) 

[0 0 3 9 ] JSfcV^T?. ^F*fi*^>y =■ >il 1 4_h^^^H 

JRitbWfefrflJra bT««1±tt"3|s|-ffiS:»*i-5 ^ t 

#3v-y nygi 4Sr^i-acit^«rt6-efcs II 

[0040] mm^v- hmm 1 1 co±*^^mh i 

K^-T ^Mt&i 5 1 t V— 15 2^ SrJgjSbT, 

[0 0 4 1 ] 1 t£J:Hli, a*<^^E b^y— 

b§i b y is i? * 9 KLtic< Y 1 7^i?*#'b t ^ftt£M<nftM 

[0 0 4 2] *Htfi®ffii iciftli, StE-btc* 

ffl3 S: K T A > Wtttfft ± o X * 9 — > 4r 

[0 0 4 3] 

[H1EW] 1 co^-fe^^frKfllSrJBfiebfco 

[0044] Si\ if9-x*St7d- b^s/^v-^i 



Ste^ 3 0 0 °c-e 1 o fttnt&rfL Lft 0 - ^Sf, itrtffi 

[ 0 0 4 5 ] &!^T% ±E*tStCl 0li%^3#!J 
if V<D=^ i^U^SSSSr 1 5 0 0 r p vnCO^nMJ^X ^ 

fcft, 3 0 0 D CT3 0«IL, htelRKSrJgJ* 
Lfc n n COjfeSKIKtOlKfftt 9 8 — 1 0 6 n m^igEI^fe 

[ 0 0 4 6 ] BtfEH6»«*;:«#, StttaWR h^vs** 
[ 0 0 4 7] <Hltfl51fi2>lllftJSffi2tt, KIK-hl-W 

[0 0 4 8] ffijlS (ST 1 1) 

[0 0 4 9] MiiaijMMX^ (S 1 2) 
fftfflS 1 0 1 rcQflSNFG 1 0 1 Sr-gT*T*tR 1 0 

2, 2 7 F 7 t t ^ MJ ^ ^'^^7 
^pp>^>\ MJf^^tn-l, 1, 2, 2rf 

>^>\ MJr>7//tn-i, 1, 2, 2rh7tF 



y y h * yf 7;utP 7y^>'7 y*4rfi|ffl 
i o o tgsom Cfto 1 3 w ^ ^ ^ t 

[ 0 0 5 0] HMjm£Xm (ST.1, 3? 

Titan o i^^tc^^^^^-^#t^bTM^w 

[ 0 0 5 1 ] WS^ — ^m^TM. (ST14-ST1 
_5l_ 



^ y h^C— s> K I / J ) ^MiltilT, ?Jf£P 1 0 1 
[0 0 5 2 ] gzldLalMXll fSTl 6) 

[ 0 0 5 3 ] 2 ^ *JSJB» i t ra« 

asstt i- o x v ^ 5 fc ft , m ^mrnvt m ± a etm* 

[0 0 5 4] 

[ 0 0 5 5] tf, #9^KtR*c7^- h^^i^ci 

27 b 5 t Fnt^f/L' h y ^ F^^VO. 5 m 1 



1 7 2 n rnC03S*Wft* 1 0 m.WC 1 0 #IWIH*H~5 - t 

[oo56) &^-e, ±ta**Et-i oa*%«>2Ky 

if XD^riy V^jgflSSr 1 5 0 0 r p m<73HJ(5i8iS~e^ ta 

ya-hLT»*RSr3gJ*Lfc. r. co**DtSrj*JBE3Pffl 

[0057] tijfa^lfl^^^, ii^CO^*fr^n-fe^ 

1 0 0 5 8] <1£iBI?Jft 3 >HltmiB 3 tt, SSlCil 
ft „ BJ 3 i c * ISfc fl£1fi 3 \z. *5 it a Mit XSBrffi H S: ^ 

[0 0 5 9 ] (ST21-ST23) 
Ctft5 0 £^fc*i*8fl:fiS«< T«ft^ffffiS^«^ 

[0 0 6 0 ] ftfrWtctt^X^^ajcJ; 9«JS*n.aS: 

Jfi «" £ i" S ^ffi X 9 #y£ J± ~f y X-r J&S * S ^ 

(1, cf 4 . SF S , CHF^W^o ^coJ: 
5 ft^X^S^idafi, *aWD»ffi* s «*»K«* 



J; 9 fcSfStt 4: * S ^ £ * s ^ £ ft 5 > il^ * — v 

1 0 0 6 1 ] SMli^MlS (ST14-ST1 
5) ^fff^ ^Mlff, (ST Its) 

1 ^StbflUltES-S l l 1 £ffif«W^E («*tf-f v 

KI / J) **e>etttiLT, ?#su 0 1 

[0 0 6 2] *HlE3&*3^J:^tf. IMfiJgigl traflfi 
t?3S(i*Sr#i-5fdl, Sta*«MBMfc:SK ftofc^ffi^ig* 

[ 0 0 6 3] 

[0 0 6 4] #v^ate(-*fl?J5R**Sls^t-BBP 
ft5^fiS;« t= ^ ^ h h^SSffl^^ w <htc J: 0 , 

L, ^ ^^Iffi^ 3 2 OtT 1 0 Lfc B Z(D& 

^ > ^ ^ -C iptttt CO S5 ^ ^ — > * 5 JK^RT* # 

[0065] ±umm^i om&%<otiiv ^^^^^ 

v'UViSaSr 1 5 0 0 r p m£0[aiteil]S-e^ b 
L T ^^fT m Sr JK^c Lfc D w ^ ffiS S: « JX ^ffl * T id *3 

tt, 3 0 0tt3 0»illU Mfi»l»*:JKriEb 
f- 0 ^<Ojft»l»«OjRffi(i9 8-10 6 nmiOi|-efe 

[0 0 6 6 ] gflBttlW»Kjtt#. ffiff^^P^^**^ 
[ 0 0 6 7 ] <^J£?f^4 >*^JSJF^4 IfE^l 

[oo6s] gist, 



V s i g *5 ct IfmWM V dd ^ B * ffl JsEiC{&#££;ft,T^ 

5 o 58 tR fa -n-B V s e 1 1 ffi 4§-*ft V s i g ft M t$ ~f 5 c > ( c i 
[ 0 0 6 9] ft:fe\ Ji|BB»ia*a«:, **B*I£1WM6 

* "^j IB -c fe 5 c * tzmftwm [cffiig^i^ ft *u ffi -r 5 

[ 0 0 7 0] < Hlfi^ffi 5 >*I»m 5 ii, JiE*lfe 
[0 0 7 1 ] **M^»3ft*ST?»afi*Jxi¥*<*iS« 

[oo72]@6 (a) nmmmm^yMmm^^K) , 

/^;H ?rfiTl^ a CCO J; 5 |C**W<75«*Ktltt 
[0 0 7 3] H6 (b) fifcfT^*;* 9^ Wlfflfl^fc 

2, ^^4 3, *5i: y*8Kw*/fSSl ftfif;£ 
tv^So C<7} <t 5Ki*«W<"**3£«tt* 7 7 Y>^ 

[ 0 0 7 4] 0 6 (c) ^^^^yi-^^>-t: e ^- 

951, Sfef^W 5 2 , *5j:t5*«M^**SS« 1 £*S^ 

[0 0 7 5] 16 (d) a—-y F^^hf^^W 

[0076] BI6 <e) fi!J 7S/d^x^^-^3 
^^iJ—>76, 33cfcIJ<*S^^S*S1I 1 ftfitx."Cl^ 
[ 0 0 7 7 ] HI6 (f ) tt^P^bffl^n^a:^* ■ 

y — >8 3t^*^pr*t-&-3"Cl>5„ C<DJ:5lC* 

[ 0 0 7 8 ] ±Efiajtcia^T**Ko^^^^MitS- 



W7r^^ iflTV, DSPgf, PDA. 

[0079] Wic, ^B^^Mit^ft-e^^ixo^v^ 

[0 0 8 0] 

~C c* . a*o, KV>t4fg^3ff^T^S^^-^ftff^-r^ 

[01] ^m^mmmni \z&vtz, ^h^^-hm 

h 7 ^ ^ * ^ ^itxmWffi El -C £> 5 Q 

[SI 4] tt*tfe-C?M4 hfc* >S! 
*cD»rBaI2T?*> f , 04 (a) ttt-t^J^hvZfMto 
JlfllifrOffiL i4 (b) fi^^^^y^ScOJlWitro 

[®5] 3aft?i?tt4ic*5(tS*^3S««?SjB£Blt?fc5 <1 
[i6] *ft^tt5(cJbNt5«^fll»coffilT-fc9, 
(a) f±BS^®!£, (b) tatf-r^*;*^ Cc) rtflt 
^§J/n— y^;l-^>-e c zi — (d) H'syK^^F 
^.X^U-f, (e) iiy7l7°P^x^^^ (f) 

1 i-v-hmm mm^?-^) 

1 2— ttilftift 

1 3 ■•■^fefv'!) ^ 

1 4--^««r>y ^^ffi 

1 5 "^bji 

2 O-Ui^^ h 

3 0»««ttW 

1 0 1 
1 1 1 



[II] 



[0 2] 




11 



[g|3] [M4] 




im s ] 






Vsel 



Vsei 



7 




o0 0 

OQO 

ooo 
ooo 

(a) 



12 y 

^1 



10 



-14 




'13 



(b) 




(51) Int. CI. 

H 0 1 L 29/423 
29/49 



F I 

H 0 1 L 21/88 



English Translation of JP2003-3 18401 



( 1 9) Japan Patent Office (JP) 

(12) Publication of Patent Application (A) 

(1 1) Publication Number of Patent Application: 2003-318401 (P2003-318401A) 
(43) Publication Date: November 7, H15 (2003.1 1.7) 



5 (51) Int. CI. 7 Identification Symbol FI Theme Code (Reference) 



H01L 29/786 G 02 F 1/1368 2 H 092 



G02F 1/1368 



H 01 L 21/283 



Z 



4 M 104 



H01L 21/283 



29/78 617 J 



5 F033 



21/3205 



29/58 



G 5F110 



10 



21/336 



29/78 



627 A 



Request for Examination: Not made 
Number of Claims: 18 OL (1 1 pages in total) 



Continued on the last page 



15 (21) Application Number: 2002-1 19963 (P2002-1 19963) 
(22) Application Date: April 22, H14 (2002.4.22) 

(71) Applicant: 000002369 

Seiko Epson Corporation 

2-4-1 Nishi-shinj uku Shinjuku-ku, Tokyo 

20 (72) Inventor: Takashi AOKI 

c/o Seiko Epson Corporation 
3-3-5 Owa Suwa-shi, Nagano 

(72) Inventor: Masahiro FURUSAWA 

c/o Seiko Epson Corporation 
25 3-3-5 Owa Suwa-shi, Nagano 

(74) Representatives: 100079108 

Patent attorneys, Yoshiyuki INABA and two others 

Continued on the last page 



30 (54) [Title of the Invention] METHOD FOR MANUFACTURING DEVICE, DEVICE, 
DISPLAY DEVICE, AND ELECTRONIC APPLIANCE 



1/23 



English Translation of JP2003-3 1 840 1 



(57) [Abstract] 

[Problem to be Solved] To provide a method suitable for manufacturing a bottom-gate 
type semiconductor device. 

[Solution] The method includes the step of providing a groove portion (101) in a 
5 predetermined region of a substrate (10), the step of forming a conductive pattern (11) 
in the groove portion (101), and the step of forming a device having the conductive 
pattern (1 1) as a gate electrode in a region including the conductive pattern (11), Since 
a photolithography method is not used, large-scale facilities are not used and a material 
is not wasted, Moreover, the groove is used and filled with a material liquid, so that a 
10 bottom-gate type semiconductor device with high performance and high accuracy can 
be manufactured. 
[Scope of Claim] 
[Claim 1] 

A method for manufacturing a device, comprising the steps of: 
1 5 providing a groove portion in a predetermined region of a substrate; 

forming a conductive pattern in the groove portion; and 

forming a device having the conductive pattern as a gate electrode in a region 
including the conductive pattern. 
[Claim 2] 

20 The method for manufacturing a device, according to claim 1 , 

wherein the step of providing a groove portion comprises the steps of: 

forming, over the substrate, a mask having an opening portion in a 
region corresponding to the groove portion; and 

forming the groove portion by etching the substrate with the use of the 

25 mask. 

[Claim 3] 

The method for manufacturing a device, according to claim 2, wherein the 
mask comprises a resist material. 
[Claim 4] 

30 The method for manufacturing a device, according to claim 3, wherein a 

photolithography method is used in the step of forming a mask. 
[Claim 5] 
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The method for manufacturing a device, according to claim 3 5 wherein a 
droplet discharge method is used in the step of forming a mask. 
[Claim 6] 

The method for manufacturing a device, according to claim 1, further 
5 comprising the step of making liquid repellency of a region other than the groove 
portion higher than that of the groove portion before the step of forming a conductive 
pattern, 
[Claim 7] 

The method for manufacturing a device, according to claim 6, 
10 wherein the step of making liquid repellency of a region other than the groove 

portion higher than that of the groove portion comprises the steps of: 

forming a liquid repellent material over the substrate including the 

groove portion; and 

irradiating the liquid repellent material formed in the groove portion 

1 5 with ultraviolet light. 
[Claim 8] 

The method for manufacturing a device, according to claim 3, wherein in the 
step of forming a conductive pattern, the conductive pattern is formed in the groove 
portion while the resist material used in the etching step is left. 
20 [Claim 9] 

The method for manufacturing a device, according to claim 8, characterized in 
that the resist is subjected to plasma treatment before formation of the conductive 
pattern so that liquid repellent treatment is performed on the resist. 
[Claim 10] 

25 The method for manufacturing a device, according to claim 1, wherein a 

droplet discharge method in which a liquid in which metal fine particles are dispersed in 
an organic solvent is used as a material for forming the conductive pattern is used in the 
step of forming the conductive pattern. 
[Claim 11] 

30 The method for manufacturing a device, according to claim 1, wherein in the 

step of forming a conductive pattern, the conductive pattern is formed by baking at a 
predetermined temperature after the material for forming a conductive pattern is 
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disposed in the groove portion, 
[Claim 12] 

The method for manufacturing a device, according to claim 11, wherein the 
predetermined temperature is set within a range from 150 °C to 500 °C. 
5 [Claim 13] 

The method for manufacturing a device, according to claim L wherein in the 
step of forming a conductive pattern, the conductive pattern is formed so that a surface 
of the conductive pattern is on substantially the same plane as a surface of the substrate. 
[Claim 14] 

1 0 The method for manufacturing a device, according to claim 1, 

wherein the step of forming a device comprises the steps of: 

forming an insulating film over the substrate in which the gate 

electrode is formed; 

forming a silicon film over the insulating film; 
15 forming, over the silicon film, a silicon film to which a dopant is 

introduced; and 

forming a metal layer over the silicon film, 

[Claim 15] 

The method for forming a device, according to claim 14, wherein at least one 
20 of the films formed in each of the steps is formed by discharging a liquid from a head. 
[Claim 16] 

A device manufactured by the method according to any one of claims 1 to 15. 
[Claim 17] 

A display device comprising the device according to claim 16. 
25 [Claim 18] 

An electronic appliance comprising the device according to claim 15. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] The present invention relates to a 
30 method for manufacturing a so-called bottom-gate type semiconductor device, a 
semiconductor device obtained by the method, and a display device and an electronic 
appliance provided with the semiconductor device. In particular, the present invention 
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relates to a method for manufacturing a semiconductor device in which a gate electrode 

is formed in a groove provided in a substrate. 

[0002] 

[Prior Art] A bottom-gate type or inverted staggered back channel etched type (Inverted 
5 Staggered Back Channel Etched type) transistor is one of thin film transistors (TFT: 
Thin Film Transistor), and is classified into a channel stop type (FIG. 4(a)), a channel 
etched type (FIG. 4(b)), and the like according to its structure. The transistor was 
manufactured in such a manner that a gate electrode was formed over a substrate using a 
conductive material, and then an insulating film, a channel, a drain, a source, and the 

10 like were stacked. 

[0003] Conventionally, a conductive film wiring used in manufacture of such a 
semiconductor device was usually formed by a lithography method. In a lithography 
method, a conductive film material is applied over a substrate by a chemical vapor 
deposition (CVD) method or a sputtering method in advance, a photosensitive material 

15 is applied thereover, light exposure- development are performed after the photosensitive 
material is covered by a mask corresponding to a wiring pattern, and etching is 
performed after a portion other than a region of the wiring pattern of the resist is 
exposed; thus, a wiring is formed. However, in each step of this lithography method, 
large-scale facilities such as a vacuum apparatus and a complicated step are used, and a 

20 large amount of materials is wasted because a conductive film material is provided over 
the entire surface of the substrate; thus, manufacturing cost tends to be increasing. 
[0004] Meanwhile, in United States Patent No. 5132248, a method is proposed in which 
a liquid in which conductive fine particles are dispersed is applied to a substrate directly 
in a shape of a wiring pattern by a droplet discharge method and then is converted into 

25 the wiring pattern by heat treatment or laser irradiation. According to this method, the 
process is greatly facilitated, and an advantage that an amount of the conductive film 
material to be used is reduced is obtained. 
[0005] 

[Problems to be Solved by the Invention] However, a discharge direction is not fixed 
30 with the sole use of a droplet discharge method, so that a shape of a pattern to be formed 
over a substrate is not uniform. Further, characteristics of a conductive film formed by 
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a droplet discharge method is not as good as those of a film formed by a 
photolithography method employing a vacuum process. In particular, in the steps of 
manufacturing a thin film transistor, high performance of a conductive film and high 
accuracy of a position are required; therefore, it was not appropriate in some cases for 
5 forming a conductive pattern of a thin film transistor only by a droplet discharge 
method. 

[0006] The present invention is made in view of such problems of the prior art, and 
aims to provide a method for manufacturing a device such as a bottom-gate type 
semiconductor device, in which large-scale facilities are not used, an amount of a 
10 conductive material to be used can be reduced, and a conductive pattern can be formed 
with high performance and high accuracy. 
[0007] 

[Means for Solving the Problems] The present invention is a method for manufacturing 
a device, including the step of providing a groove portion in a predetermined region of a 
15 substrate, the step of forming a conductive pattern in the groove portion, and the step of 
forming a device having the conductive pattern as a gate electrode in a region including 
the conductive pattern, 

[0008] Here, an arbitrary material such as a glass substrate, a quartz substrate, or a 
silicon substrate can be used as the "substrate". There is no limitation on a shape of 
20 the "groove portion" as long as a depressed portion is formed relatively from a surface 
of the substrate. The conductive pattern refers to a pattern having conductivity and it 
is not necessarily limited to a metal. 

[0009] Here 5 for example, the step of providing a groove portion includes the step of 
forming, over the substrate, a mask having an opening portion in a region corresponding 
25 to the groove portion, and the step of forming the groove portion by etching the 
substrate with the use of the mask. Here, the mask includes a resist material 
[0010] Here, for example, a photolithography method may be used in the step of 
forming a mask. Alternatively, a droplet discharge method may be used in the step of 
forming a mask. 

30 [0011] Note that in the present invention, a "droplet discharge method M refers to a 
method for forming a desired pattern including a discharged substance by discharging a 
droplet in a desired region, and is also referred to as an Inkjet method. Note that in this 
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case, the discharged substance is not so-called ink used in printing but a liquid including 
a material substance constituting a device, and the material substance includes, for 
example, a substance which can serve as a conductive substance or an insulating 
substance constituting a device. In order to form the conductive pattern, a conductive 
5 material liquid including a substance which can serve as a conductive material is used. 
Further, "droplet discharge" is not limited to the case where a discharged substance is 
sprayed, and includes the case where the liquid is continuously discharged drop by drop. 
[0012] The present invention may further include the step of making liquid repellency 
of a region other than the groove portion higher than that of the groove portion before 

1 0 the step of forming a conductive pattern, 

[0013] For example, the step of making liquid repellency of a region other than the 
groove portion higher than that of the groove portion includes the step of forming a 
liquid repellent material over the substrate including the groove portion and the step of 
irradiating the liquid repellent material formed in the groove portion with ultraviolet 

1 5 light, 

[0014] For example, in the step of forming a conductive pattern, the conductive pattern 
is formed in the groove portion while the resist material used in the etching step is left. 
[0015] For example, the resist may be subjected to plasma treatment before formation of 
the conductive pattern so that liquid repellent treatment is performed on the resist. 

20 [0016] For example, in the step of forming a conductive pattern, a droplet discharge 
method in which a liquid in which metal fine particles are dispersed in an organic 
solvent is used as a material for forming a conductive pattern may be used, 
[0017] For example, in the step of forming a conductive pattern, the conductive pattern 
may be formed by baking at a predetermined temperature after the material for forming 

25 a conductive pattern is disposed in the groove portion. Here, the predetermined 
temperature is preferably set within a range from 150 °C to 500 °C. This is because 
within this temperature range, the organic solvent can be volatilized at a moderate rate, 
the metal fine particles can be electrically favorably melted and attached, and the 
conductive pattern has low resistivity. 

30 [0018] For example, in the step of forming a conductive pattern, the conductive pattern 
is formed so that a surface of the conductive pattern is on substantially the same plane 
as a surface of the substrate. 
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[0019] For example, the step of forming a device may include the step of forming an 
insulating film over the substrate in which the gate electrode is formed, the step of 
forming a silicon film over the insulating film, the step of forming, over the silicon film, 
a silicon film to which a dopant is introduced, and the step of forming a metal layer over 
5 the silicon film. At least one of the films formed in each of the steps may be formed 
by discharging a liquid from a head. 

[0020] The present invention is also a device itself which is manufactured by the 

method for manufacturing a device according to the present invention, 

[0021] The present invention is also a display device provided with the device, and an 

10 electronic appliance provided with the device. 

[0022] Here, there is no limitation on the "display device"; for example, provided is a 
liquid crystal display element in which a liquid crystal layer can be driven by an active 
matrix driving method, or an electroluminescent element in which an 
electroluminescent layer can be driven by an active matrix driving method. 

15 [0023] Here, there is no limitation on the "electronic appliance" , and examples are a 
cellular phone, a video camera, a personal computer, a head mounted display, a rear or 
front projector, a facsimile machine with a display function, a viewfinder of a digital 
camera, a portable TV, a DSP device, a PDA, and an electronic notebook. 
[0024] 

20 [Embodiment of the Invention] Hereinafter, embodiments of the present invention will 
be described with reference to the drawings. 

<Embodiment 1> Embodiment 1 relates to a method for manufacturing a bottom-gate 
transistor, in which after a groove is provided in a substrate, the groove is filled with a 
conductive material liquid without an assistant means. FIG 1 illustrates 
25 cross-sectional views of manufacturing steps in Embodiment 1. 
[0025] Step of forming a groove fSTl ~ ST3) 

First, a resist material is applied over a glass substrate 10, so that a resist film 20 is 
formed (ST1). A known photosensitive material and its formation method can be used 
as the resist material and its application method. Next, the resist film 20 is subjected 
30 to light exposure-development with a mask corresponding to a shape of a conductive 
pattern (ST2), Here, a known masking method and a known light 
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exposure-development method can also be used. By being developed, in the resist film 
20, the resist material in a portion corresponding to a region of the conductive pattern is 
removed and a surface of the substrate 10 is exposed. Here, a groove portion 101 
according to the conductive pattern is formed in the substrate 10 by a known method 
5 (ST3). For example, a known etching technique is used for forming a groove. 
Etching at this time is reactive ion etching with the use of plasma of a CF^ gas and a H 2 
gas, for example. The size of a cross section of the groove portion 101 at this time is 
set so as to be appropriate for the size of a gate electrode of a thin film transistor. For 
example, in the case where the groove portion 101 is filled with a conductive material 

10 liquid by a droplet discharge method, in consideration of resolution of a droplet 
discharge method, a groove having a size of a width of 1 jim - 100 |Lim and a depth of 1 
\xm ~ 10 pm can be provided. That is, the width of the groove is set so that the 
conductive material liquid is not applied to a portion other than the groove in case of 
mis-discharging the conductive material liquid, and the depth of the groove is set so that 

15 the material liquid does not overflow the groove even when the groove is filled. The 
remaining resist material is washed away after etching. 

[0026] Note that in the case where accuracy allows, in stead of forming the groove 
portion 101 by the above-described photolithography method, a photosensitive material 
may be applied only in a region other than the formation region of the conductive 
20 pattern by discharging a material liquid including the photosensitive material directly 
from a liquid spray device (e.g., an Inkjet head), 
[0027] Step of forming a conductive pattern (ST4 ~ ST5) 

Next, a conductive material liquid 111 is discharged from a liquid spray device (e.g., an 
inkjet head I/J) into the groove portion 101 formed in the above-described manner, and 
25 the groove portion 101 is filled with the conductive material liquid 111. Another 
liquid spray device such as a Bubble Jet (registered trademark) head may be used, so far 
as the liquid material is not influenced, 

[0028] Here, the conductive material liquid to be discharged includes a material which 
can show conductivity and durability high enough to be used as an electrode after 
30 drying-sintering, and for example, a material liquid in which metal fine particles are 
dispersed in an organic solvent is used. 
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[0029] As a metal used for fine particles, as well as silver, one of gold, copper, 
palladium, nickel, aluminum, tungsten, tantalum, and titanium, or metal fine particles in 
which any of these materials are mixed can be used. Further, as the fine particles, 
another conductive polymer or a solution of a conductive molecule can also be used. It 
5 is preferable that a particle diameter of the metal fine particles be larger than or equal to 
5 nm and smaller than or equal to 0, 1 [im for discharging by a droplet discharge method, 
[0030] The organic solvent having a vapor pressure of higher than or equal to 0.001 
mmHg and lower than or equal to 200 mmHg is preferable. In the case where the 
vapor pressure is above the range, the solvent evaporates first in formation of an 

10 application film, and in the case where the vapor pressure is below the range, drying 
proceeds slowly and thus the solvent tends to remain in the application film; accordingly, 
a conductive film with good quality is hard to obtain by heat or light treatment in a later 
step. Further, in the case where a conductive material is discharged by a droplet 
discharge method, the vapor pressure is preferably higher than or equal to 0.001 mmHg 

15 and lower than or equal to 50 mmHg, In the case where the vapor pressure is above 
the range, a nozzle tends to be clogged due to drying in discharging a droplet from an 
inkjet head, resulting in that stable discharge cannot be performed, and in the case 
where the vapor pressure is below the range, drying of the discharged liquid proceeds 
slowly and thus the solvent tends to remain in the conductive film; accordingly, a 

20 conductive film with good quality is hard to obtain by heat or light treatment in a later 
step. As such a solvent, in the case where an inkjet type is used, water, an 
alcohol-based solvent, a hydrocarbon-based solvent, or an ether-based solvent is 
preferable, and water or a hydrocarbon-based solvent is particularly preferable. A 
mixture of two or more of these solvents can also be used. The solute concentration in 

25 the case where any of the above fine particles is dispersed is higher than or equal to 1 
wt% and lower than or equal to 80 wt%, and it can be adjusted in accordance with the 
thickness of the conductive film; however, in the case where the solute concentration is 
higher than 80 wt%, condensation is easily caused and thus a uniform film might not be 
formed, 

30 [003 1] Further, a fine particle dispersant for dispersing fine particles in a solvent may be 
used. As the dispersant, a very small amount of a surface tension regulator, for 
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example, a fluorine type, a silicone type, or a nonionic type, can be added. In 
particular, a nonionic-based surface tension regulator is preferable because wettability 
of a solution with respect to an object to be applied becomes favorable, a leveling 
property of the applied film is improved, and generation of an eruption and orange peel 
5 of the application film can be prevented. The viscosity of the thus adjusted conductive 
material liquid is preferably higher than or equal to 1 mPa-s and lower than or equal to 
50 mPa-s. The peripheral portion of the nozzle might be contaminated due to overflow 
of a material liquid in the case where the viscosity is below the range, and frequency of 
clogging of the nozzle hole becomes greater and thus smooth discharge of a droplet 

10 becomes difficult in the case where the viscosity is above the range. The surface 
tension of the thus adjusted conductive material liquid is preferably within a range of 
higher than or equal to 20 dyn/cm and lower than or equal to 70 dyn/cm. In the case 
where the surface tension is below the range, the wettability of a material liquid with 
respect to a nozzle surface is increased, and thus flight deflection of a droplet is easily 

15 caused, and in the case where the surface tension is above the range, a shape of a 
meniscus at the nozzle tip is not stable; accordingly, control of the discharged amount 
and timing of discharge becomes difficult. 

[0032] Note that it is preferable that a discharge position be controlled so that the liquid 
volume is uniform along the groove portion by overlapping well the conductive material 

20 liquid when the groove is filled with the conductive material liquid. This is because 
when one point is filled with an excess amount of the material liquid, the material liquid 
might overflow the groove portion 10L Specifically, movement of the head is 
controlled so that 1 % or more and 10 % or less of a diameter of the attached droplet of 
the material liquid overlaps with an adjacent droplet. When the overlap is within the 

25 range, a liquid to be discharged can be prevented from being an excess amount, and the 
overlap between droplets can be secured even in the case where a discharge position is 
misaligned. 

[0033] After filling with conductive material liquid 111 is performed, baking is 
performed at a predetermined temperature and a conductive pattern 1 1 is formed (ST5), 
30 The predetermined temperature is set within a range of 150 °C to 500 °C, for example. 
This is because within this temperature range, the organic solvent can be volatilized at a 
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moderate rate, the metal fine particles can be electrically favorably melted and attached, 
and the conductive pattern has low resistivity. Since the organic solvent is volatilized 
by baking, the volume of the conductive material liquid 111, filled in the groove portion 
101, decreases in some cases. In that case, the step of discharging the material liquid 
5 at the same or adjacent position and baking again is repeated plural times. When the 
conductive pattern 11 is formed so that the surface of the conductive pattern 11 is 
eventually on substantially the same plane as the surface of the substrate 10, unevenness 
is not generated on the substrate surface, which is preferable for forming a transistor in a 
later step, 

10 [0034] Step of forming a device (ST6) 

When the conductive pattern 1 1 is formed, a bottom-gate transistor including this as a 
gate electrode is manufactured by a known method. Specifically, first, an insulating 
film 12 is formed over the substrate 10, For example, polysilazane dissolved in a 
solvent is applied by a spin coating method or an inkjet method and heated; thus, a 

15 silicon oxide film can be obtained. 

[0035] As illustrated in FIG 4, a bottom-gate transistor which was manufactured by a 
conventional manufacturing method had a gate electrode protruded from the substrate. 
Therefore, it was difficult to form a layer over the gate electrode to be flat by a spin 
coating method or only a droplet discharge method. On the other hand, in this 

20 embodiment, the conductive pattern 11 is formed so as to fill the groove portion and 
thus the surface of the substrate 10 is flat; accordingly, a film having a flat upper surface 
can be formed over a substrate even by a spin coating method or a droplet discharge 
method. 

[0036] Note that a known method other than the above may be applied. For example, 
25 a silicon oxide film or a silicon nitride film may be formed by a plasma-enhanced 

chemical vapor deposition method (a PECVD method), a low-pressure chemical vapor 

deposition method (an LPCVD method), or a vapor deposition method. 

[0037] Next, an amorphous silicon film 13 is formed over the insulating film 12. This 

amorphous (amorphous) silicon film is used for forming a channel region. Since the 
30 insulating film 12 in the lower layer is formed to be flat, here, the amorphous silicon 

film 13 can also be formed by a spin coating method or a droplet discharge method. 

Note that the amorphous silicon film 13 may be formed by a normal CVD method (e.g., 
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a plasma-enhanced chemical vapor deposition method (a PECVD method) or a 
low-pressure chemical vapor deposition method (an LPCVD method)) or a vapor 
deposition method. Note that without limitation to amorphous silicon, poly crystalline 
silicon may be used. 

5 [0038] Next, an impurity silicon film 14 to which an impurity is introduced is formed 
over the amorphous silicon film 13. Since the amorphous silicon layer 13 in the lower 
layer is also formed to be flat, here, the impurity silicon film 14 can be formed by a spin 
coating method or a droplet discharge method. Note that the impurity silicon film 14 
may be formed by a normal CVD method (e.g., a plasma-enhanced chemical vapor 
10 deposition method (a PECVD method) or a low-pressure chemical vapor deposition 
method (an LPCVD method)) or a vapor deposition method. 

[0039] Next, a metal layer 15 is formed over the impurity silicon film 14. In general, a 
metal layer is formed by a sputtering method or the like. However, since the impurity 
silicon layer 14 in the lower layer is formed to be flat, here, the impurity silicon film 14 
15 can be formed by applying a conductive material liquid by a spin coating method or a 
droplet discharge method. 

[0040] Lastly, the metal layer 15 and the impurity silicon layer 14 over the gate 
electrode 11 are removed by etching or the like, and a drain region 151 and a source 
region 152 are formed; thus, a bottom-gate transistor is completed. 
20 [0041] According to Embodiment 1, the transistor has a stacked structure of flat layers 
as compared to the conventional bottom-gate transistor, so that the method is suitable 
for a method for manufacturing a transistor which is applied to a device requiring 
flatness, such as a liquid crystal display. 

[0042] Further, according to Embodiment 1, a groove portion is provided in a substrate 
25 and then a conductive pattern is formed with a conductive material, so that a method for 
manufacturing a bottom-gate type semiconductor device can be provided, in which 
large-scale facilities are not used, an amount of a conductive material liquid to be used 
can be reduced, and a conductive pattern can be formed with high performance and high 
accuracy. 
30 [0043] 

[Example] A semiconductor device was formed by the method according to 
Embodiment 1 . 
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[0044] First, a groove portion having a depth of 2 [im and a width of 5 jam was formed 
by photo-etching in a glass substrate. The groove portion was filled by a droplet 
discharge method with a liquid in which silver fine particles were dispersed, A 
conductive material liquid was used as the liquid; specifically, a liquid in which silver 
5 fine particles having a particle diameter of 10 nm were dispersed in a-Terpineol 
(produced by Vacuum Metallurgical Co., Ltd., product name: Perfect Silver) was used. 
Next, this substrate was baked at 300 °C for 10 minutes. As a result, the liquid applied 
inside the groove became a silver thin film having a thickness of 2 \xm and a width of 5 
\±m; thus, a conductive pattern to be a gate electrode having extremely high flatness was 
1 0 formed. 

[0045] Next, a xylene solution of 10 wt% polysilazane was spin-coated at a rotation rate 
of 1500 rpm over the substrate to form an application film. After the application film 
was subjected to heat treatment at 70 °C for 10 minutes in a reduced pressure 
atmosphere in order to remove the solvent, heat treatment was performed at 300 °C for 
15 30 minutes, and a gate insulating film was formed. The film thickness of the 
insulating film was within a range of 98 - 106 nm; thus, a flat insulating film having 
extremely uniform thickness was formed. 

[0046] Following the insulating film, after an amorphous silicon film, an N + -type doped 
silicon film, and an electrode layer were formed in a normal formation process of a thin 
20 film transistor, patterning of source and drain regions was performed by a photo-etching 
step. As a result, a thin film transistor having extremely high flatness was 
manufactured, 

[0047] Embodiment 2> Embodiment 2 relates to a method for manufacturing a 
bottom-gate transistor, in which after a groove is provided in a substrate, a conductive 

25 material liquid is easily filled in the groove by providing a hydrophilic conductive film 
formation region and a liquid repellent conductive film formation region. Hereinafter, 
in Embodiment 2, one example employing a liquid repellent material will be described 
as a specific example. Note that FIG 2 illustrates cross-sectional views of 
manufacturing steps in Embodiment 2. 

30 [0048] Step of forming a groove (ST 11) 

First, the groove portion 101 is formed in a region of the substrate 10, which 
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corresponds to a gate electrode. Since the step of forming a groove is similar to that 
described in Embodiment I, description is omitted, 
[0049] Step of forming a liquid repellent material (S12) 

After forming the groove portion 101, a liquid repellent material 30 is provided over the 
5 entire surface of the substrate 10 including this groove portion 101. The liquid 
repellent material 30 is a material having liquid repellency to a conductive material 
liquid with which the groove is filled in formation of a conductive pattern, and is 
decided in accordance with the conductive material liquid. For example, in the case 
where the conductive material liquid in which silver fine particles are dispersed in an 

10 organic solvent is used, liquid repellent fluoroalkylsilane (hereinafter referred to as 
Tt FAS ?f .) is used as the liquid repellent material 30. When FAS is used, a 
self-assembled film is formed in such a manner that each compound is aligned so that a 
fluoroalkyl group is positioned over a surface of a silicon substrate; therefore, a uniform 
liquid repellent material film can be formed on the surface of the substrate, As such 

15 FAS, fluoroalkylsilane such as heptadecafluoro-l,l,2,2-tetrahydrodecyltriethoxysilane, 
heptadecafluoro- 1 , 1 ,2,2-tetrahydrodecyltrimethoxysilane, 
heptadecafluoro-1 ,1 ,2,2-tetrahy drodecyltrichlorosilane, 
tridecafluoro- 1 , 1 ,2,2-tetrahy droocty Itriethoxy silane, 
tridecafluoro- 1 , 1 ,2,2-tetrahy drooctyltrimethoxysilane, 

20 tridecafluoro- 1 ,1 ,2,2-tetrahy drooctyltrichlorosilane, or trifluoropropyltrimethoxysilane 
can be used. One of these compounds or combination of a plurality of these 
compounds can be used. A self-assembled film of FAS is formed in such a manner 
that a compound of FAS and the substrate 10 are put in the same airtight container and 
left for several days at a room temperature. Alternatively, a self-assembled film of 

25 FAS can be formed in such a manner that the airtight container is kept at a temperature 
of approximately 100 °C for approximately 3 hours, 
[0050] Step of changing into hydrophiiic property (ST13) 

Next, the liquid repellent material 30 inside the groove is changed to be hydrophiiic. 
For example, when ultraviolet light is emitted with a mask formed so as to cover a 
30 region other than the groove portion 101, the self-assembled film inside the groove is 
removed and thus liquid repellency is lost, Liquid repellency of the liquid repellent 
material may be changed into hydrophiiic ity by supplying high energy only to the 
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groove portion 101 by laser light. In this step, the surface of the substrate is adjusted 
to be liquid repellent and the inside of the groove is adjusted to be hydrophilic. 
[0051] Step of forming a conductive pattern (ST14 ~ ST15) 

Next, in a manner similar to Embodiment 1, the conductive material 111 is discharged 
5 from a liquid spray device (e.g., the inkjet head 1/3) into the hydrophilic groove portion 
101 , so that the groove portion 101 is filled with the conductive material liquid 111. 
The treatment itself is similar to that in Embodiment 1; therefore, the detailed 
description is omitted. Note that here, because the periphery of the groove is liquid 
repellent and the inside of the groove is hydrophilic, even if a discharge direction of a 
10 droplet discharge method is disordered or the attached material liquid leaks into the 
periphery of the groove due to a shallow groove, the liquid material is collected to the 
groove because of the liquid repellency and the hydrophilicity of the surface, 
[0052] Step of forming a device (ST16) 

When the conductive pattern 11 is formed, a bottom-gate transistor including this as a 
15 gate electrode is manufactured by a known method. Specifically, the method is similar 
to that in Embodiment 1; therefore, description is omitted. 

[0053] According to Embodiment 2, effects similar to those in Embodiment 1 are 
obtained; further, because the periphery of the groove is liquid repellent and the inside 
of the groove is hydrophilic, even if a discharge direction of a droplet discharge method 
20 is disordered or the attached material liquid leaks into the periphery of the groove due to 
a shallow groove, the liquid material is collected to the groove because of the liquid 
repellency and the hydrophilicity of the surface. Accordingly, the material liquid can 
be accurately collected inside the fine groove. 
[0054] 

25 [Example] A semiconductor device was formed by the method according to 
Embodiment 2. 

[0055] First, a groove portion having a depth of 1 yim and a width of 20 p.m was formed 
by photo-etching in a glass substrate. Then, this glass substrate and 0.5 ml of 
tridecafluoro-l,l,2,24etrahydrooctyltriethoxysilane were put in the same airtight 
30 container, the entire system was heated at 120 C C for 40 minutes, and thus a 
self-assembled film having liquid repellency was formed on the entire surface of the 
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substrate- Next, a region of the self-assembled film, which corresponds to the groove 
portion, was irradiated with ultraviolet light of 172 nm at 10 mW for 10 minutes, so that 
the self-assembled film corresponding to the groove portion was selectively removed, 
Thus, the surface of the substrate, where a groove was not formed, had higher liquid 
5 repellency than the groove portion. In this state, the groove portion was filled by a 
droplet discharge method with the material liquid in which silver fine particles were 
dispersed. After filling, heat treatment was performed at 300 °C for 5 minutes. As a 
result, a conductive pattern having extremely high flatness was formed. 
[0056] Next, a xylene solution of 10 wt% polysilazane was spin-coated at a rotation rate 

10 of 1500 rpm over the substrate to form an application film. The application film was 
subjected to heat treatment at 70 °C for 10 minutes in a reduced pressure atmosphere in 
order to remove the solvent. After that, heat treatment was performed at 300 °C for 30 
minutes, and a gate insulating film was formed. The film thickness of the insulating 
film was within a range of 98-106 nm; thus, a flat insulating film having extremely 

1 5 uniform thickness was formed. 

[0057] Following the insulating film, after an amorphous silicon film, an N + -doped 
impurity silicon film, and an electrode layer were formed in a normal semiconductor 
process, patterning was performed. As a result, a thin film transistor having extremely 
high flatness was manufactured. 

20 [0058] <Embodiment 3> Embodiment 3 relates to a method for manufacturing a 
bottom-gate transistor, in which after a groove is provided in a substrate, the groove is 
easily filled with a conductive material liquid with the use of a resist remaining after 
etching as an assistant means. FIG 3 illustrates cross-sectional views of 
manufacturing steps in Embodiment 3. 

25 [0059] Step of forming a groove (ST21 ~ ST23) 

First, the groove portion 101 is formed in a region of the substrate 10, which 
corresponds to a gate electrode. Treatment in the step of forming a groove is 
substantially the same as that in Embodiment 1; the different point is that a resist 
material remaining after etching is left without washing and that the conductive material 

30 liquid 111 is discharged into the groove portion 101 above the resist material. The 
resist material is removed after the conductive pattern 1 1 is formed. That is, the resist 
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remaining after etching forms a sidewall, which extends from the groove portion 101, 
and a state is obtained in which a deep groove portion is substantially formed. 
Accordingly, a situation in which the attached material liquid leaks into the periphery of 
the groove portion due to a shallow groove portion does not occur, and the groove 
5 portion is accurately filled with the material liquid. Further, since the resist material is 
normally an organic material, it is more preferable in formation of a conductive pattern 
that liquid repellency treatment is performed. 

[0060] Specifically, the liquid repellency treatment can be performed by plasma 
treatment. For example, reduced pressure plasma treatment or atmospheric plasma 

10 treatment can be given in which a gas including fluorine or a fluorine compound is used 
as an introduced gas, and plasma is emitted in a reduced pressure atmosphere or a 
normal air atmosphere including a fluorine compound and oxygen. As a gas including 
fluorine or a fluorine compound, CF 4 , SF 6; CHF 3 , or the like can be given. According 
to this plasma treatment, a surface of an organic material is preferentially made liquid 

15 repellent, so that an opening portion of the resist, that is, the inside of the groove portion 
remains to be hydrophilic. Thus, the outside of the groove portion can be made more 
liquid repellent than the groove portion, and a conductive pattern can be formed more 
accurately. 

[0061] Step of forming a conductive pattern (ST 14 ~ ST 15) and step of forming a 

20 semiconductor device (ST 16) 

Next, as in Embodiment 1, the conductive material 1 1 1 is discharged from a liquid spray 
device (e.g., the inkjet head I/J) into the hydrophilic groove portion 101, and the groove 
portion 101 is filled with the conductive material liquid 111. Further, when the 
conductive pattern 1 1 is formed, a bottom-gate transistor having this as a gate electrode 

25 is manufactured by a known method. These steps are considered to be similar to those 
in Embodiment 1; therefore, description is omitted. 

[0062] According to Embodiment 3, effects similar to those in Embodiment 1 are 
obtained and a groove which becomes equivalently deep is filled with a conductive 
material liquid; accordingly, the material liquid can be accurately collected inside the 
30 fine groove. 
[0063] 

[Example] A semiconductor device was formed by the method according to 
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Embodiment 3 . 

[0064] First, after a resist having an opening portion in a portion of a groove formation 
region was formed over a glass substrate, a groove portion having a depth of 4 \im and a 
width of 8 (im was formed by photo-etching. After the formation of the groove 
5 portion, the photoresist was used again, so that a resist film having a thickness of 2 yxm 
was left. In this state, the groove was filled with a silver fine particles dispersion 
liquid by the method of Example 1. After filling, heat treatment was performed at 130 
°C for 20 minutes, the resist film was removed, and the substrate was baked at 320 °C 
for 10 minutes. As a result, a conductive pattern with extremely high flatness was 
10 formed. 

[0065] A xylene solution of 10 wt% polysilazane was spin-coated at a rotation rate of 
1500 rpm over the substrate to form an application film. The application film was 
subjected to heat treatment at 70 °C for 10 minutes in a reduced pressure atmosphere in 
order to remove the solvent. After that, heat treatment was performed at 300 °C for 30 
15 minutes, and a gate insulating film was formed. The film thickness of the insulating 
film was within a range of 98-106 nm; thus, a flat insulating film having extremely 
uniform thickness was formed. 

[0066] Following the insulating film, after an amorphous silicon film, an INT-doped 
silicon film, and an electrode layer were formed in a normal process, patterning was 
20 performed. As a result, a thin film transistor having extremely high flatness was 
manufactured. 

[0067] <Embodiment 4> Embodiment 4 relates to a display device utilizing the device 
manufactured in any of the above embodiments. 

[0068] FIG 5 illustrates a connection diagram of a display device 1 in this embodiment. 

25 The display device of this embodiment includes, in each pixel region, a light-emitting 
layer OLED which can emit light by electroluminescence, and a storage capacitor C 
storing current for driving it, and further, devices, here, thin film transistors Tl and T2, 
manufactured by the manufacturing method of the present invention are provided. A 
selection signal line Vsel is supplied from a driver region 2 to each of the pixel regions. 

30 A signal line Vsig and a power supply line Vdd are supplied from a driver region 3 to 
each of the pixel regions. When the selection signal line Vsel and the signal line Vsig 
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are controlled, a current program is performed on each of the pixel regions, and light 
emission of the light-emitting portion OLED is controlled. 

[0069] Note that the above driver circuit is one example of a circuit in the case where an 
electroluminescent element is used as a light-emitting element, and another circuit 
5 structure can also be employed. Further, a liquid crystal display element can be used 
as a light-emitting element when a circuit structure is changed in various ways. 
[0070] <Embodiment 5> Embodiment 5 relates to an electronic appliance employing 
the device manufactured in any of the above embodiments. 

[0071] The semiconductor device manufactured by the manufacturing method of the 
10 present invention can be applied to a variety of electronic appliances. Examples of 
electronic appliances to which a display panel 1 can be applied are illustrated in FIG 6. 
[0072] FIG 6(a) is an application example to a cellular phone; the cellular phone 30 
includes an antenna portion 31, an audio-output portion 32, an audio-input portion 33, 
an operation portion 34, and the display panel 1 of the present invention. Thus, the 
15 display device of the present invention can be used for a display portion. 

[0073] FIG 6(b) is an application example to a video camera; the video camera 40 
includes an image reception portion 41, an operation portion 42, an audio-input portion 
43, and the display device 1 of the present invention. Thus, the display device of the 
present invention can be used for a viewfmder and a display portion, 
20 [0074] FIG 6(c) is an application example to a portable personal computer; the 
computer 50 includes a camera portion 51, an operation portion 52, and the display 
device 1 of the present invention. Thus, the display device of the present invention can 
be used for a display portion. 

[0075] FIG 6(d) is an application example to a head mounted display; the head mounted 
25 display 60 includes a band 61, a storage portion 62 of an optical system, and the display 
device 1 of the present invention. Thus, the display device of the present invention can 
be used for an image display source. 

[0076] FIG 6(e) is an application example to a rear projector; the projector 70 includes, 
in a housing 71, a light source 72, a combining optical system 73, a mirror 74-75 a 
30 mirror, a screen 76, and the display device 1 of the present invention. Thus, the 
display device of the present invention can be used for an image display source, 
[0077] FIG 6(f) is an application example to a front projector; the projector 80 includes, 
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in a housing 82, an optical system 81 and the display device 1 of the present invention, 
and can display an image on a screen 83. Thus, the display device of the present 
invention can be used for an image display source. 

[0078] Without limitation to the above examples, the manufacturing method of a device 
5 of the present invention can be applied to any electronic appliances. For example, 
other than these examples, a facsimile machine with a display function, a viewfinder of 
a digital camera, a portable TV, a DSP device, a PDA, an electronic notebook, an 
electronic billboard, a commercial display, or the like can be given. 
[0079] In particular, the device manufactured by the manufacturing method of the 
10 present invention has a stack structure of flat layers; therefore, it is suitable for a method 
for manufacturing a semiconductor device in a device such as a liquid crystal display. 
[0080] 

[Effect of the Invention] As described above, according to the method of the present 

invention, a groove is provided in a substrate and then a conductive pattern is formed 
15 with a liquid conductive material, so that a method for manufacturing a bottom-gate 

type semiconductor device can be provided, in which large-scale facilities are not used, 

an amount of the conductive material can be reduced, and a conductive pattern can be 

formed with high performance and high accuracy. 

[Brief Description of the Drawings] 
20 [FIG 1] Cross-sectional views of manufacturing steps of a bottom-gate transistor 

according to Embodiment 1 of the present invention. 

[FIG 2] Cross-sectional views of manufacturing steps of a bottom-gate transistor 
according to Embodiment 2 of the present invention. 

[FIG 3] Cross-sectional views of manufacturing steps of a bottom-gate transistor 
25 according to Embodiment 3 of the present invention, 

[FIG 4] Cross sectional views of bottom-gate transistors formed by conventional 

methods; FIG 4(a) is an example of a layer structure of a channel stop type, and FIG 

4(b) is an example of a layer structure of a channel etched type. 

[FIG 5] A connection diagram of a display device according to Embodiment 4, 
30 [FIG 6] Examples of electronic appliances according to Embodiment 5; (a) is an 

application example of the display panel of the present invention to a cellular phone, (b) 

is an application example of the display panel of the present invention to a video camera, 
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(c) is an application example of the display panel of the present invention to a portable 

personal computer, (d) is an application example of the display panel of the present 

invention to a head mounted display, (e) is an application example of the display panel 

of the present invention to a rear projector, and (f) is an application example of the 

display panel of the present invention to a front projector, 

[Reference Numerals] 
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